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Abstract 
Dynamic equivalent can largely reduce the calculation amount for cross-area interconnected power systems. It is 
fundamental work and an effective approach for dynamic analysis of large power systems. Online dynamic security 
analysis needs real-time calculation of dynamic equivalents. Wide area measurement system supplies a good support 
for realizing possible real time dynamic equivalent. One way is based on coherency equivalent theory and to use 
plenty of history data from measurements to obtain coherency information of generators offline and match the 
dynamic equivalents through real-time measurements. The other way is based on parameter and model identification. 
A dynamic equivalent model of a parallel of equivalent generator and load was put forward. The identifiability of 
equivalent model and the identification algorithm of parameters were briefly discussed. Test on EPRI 8-machine 36-
bus system shows that dynamic equivalent model of external system can reflect the dynamic behaviors of the original 
system accurately. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Constructing a strong cross-area interconnected power system is the first target of National Grid’s 
Smart Grid Plan. Large system interconnecting can raise the economic efficiency of power system, while 
makes the dynamic characteristics of it even more complex [1-2]. Moreover, the risk of faults and 
difficulty of monitoring increase dramatically for far-distributed transmission system. It is a safeguard for 
a strong and smart grid to develop online dynamic monitoring technology and applications based on wide 
area measurement system (WAMS). 
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Research on phasor measurement began in middle 1990s in China. PMU and maser station applicable 
to industrial environment was first developed in 2000 [3]. Almost all local power companies have 
invested a lot on constructing WAMS in the past few years. Many dynamic monitoring and real-time 
control functions [1-5], such as synchronous fault oscillogragh for simulation and analysis after faults, 
monitoring of generator angel and state of electrical installations, identification and correction of 
parameters of electrical1 elements, static and dynamic security analysis, voltage and frequency control 
and monitoring, low-frequency oscillation analysis and damping control, and global feedback control, are 
already or to be applied in wide area power system. 
Generally, the current means of dynamic equivalence can be classified into 3 kinds [6]: coherency-
based method, mode method and evaluation method. The first two needs details of the power system, 
while the last one is based on real-time measured data and does not rely on network structure and 
parameters. 
Two solutions based on WAMS for online dynamic equivalent of power system are put forward. One 
is to utilize the advantage of coherent dynamic equivalent theory adequately and correct the equivalent 
model with WAMS information to make it match the real operation state of power system, which is 
discussed in Part II. The other solution uses measured data from WAMS as input for identification of 
dynamic equivalent model and its parameters. The identifiability of dynamic equivalent and the 
identification algorithm are discussed incidentally in Part III. A simulation test is demonstrated in Part IV.  
2. Correction of Coherent Dynamic Equivalent Method with WAMS Information  
The equivalent based on coherency theory is consisted of physical elements of power system, which 
can be used directly in transient stability analysis programs. However, as it needs data of the whole grid 
for building an equivalent model, coherency-based method is chiefly used in off-line computation. With 
the support of WAMS, we can correct the dynamic equivalent model according to the real-time operation 
state information. This correction utilizes the advantages of coherent method and makes up the defect of 
relying on whole system data to some extent, meanwhile, satisfies the requirements of online dynamic 
security analysis of power system.  
The chief coherent identification method is adopting numerical integration to get the swing curves of 
generators for the disturbed system. Dividing of coherent generators is on the basis of swinging mode and 
rotor angel difference. However, electromechanical transient process calculation needs data of the whole 
system, which is especially difficult under electrical market environment. Moreover, the dividing of 
coherent generators is closely related to the type, location and extent of disturbance [7].  
One possible correction is coherent generators identification. PMU in China can measure rotor angels 
of generators directly [3, 8]. That is good news for coherent generators identification. With the support of 
WAMS, the dispatching center of power system (master station of WAMS) collects all kinds of operation 
data of the whole system, including rotor angels of generators, loads and power flow under normal and 
abnormal operation state in different operation modes. It is easy to process these recorded history data 
collectively offline and find the coherent information of generators to realize coherent generators 
classification.
A remarkable advantage is its robustness. The data collected by the master station of WAMS is 
extremely abundant and longtime lasting. Coherent information of generators is different with the change 
of system operation state. However, the result of coherent identification is based on tens of hundreds of 
operation states, therefore, is more generalized. In fact, it is difficult to find a coherent dividing satisfying 
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all the operation modes and states in practice. An effective solution is to establish a database of dynamic 
equivalent models under some typical operation modes and states for requiring. Each equivalent model 
can adapt to some operation states. 
The other correction is based on high-speed data transmission between different power system areas to 
realize distributed coordinate calculation. The whole power system can be divided into several 
subsystems, and the coherency of generators in each subsystem is judged by the coupled factor based on 
state matrix. Obviously the coupled factors between generators of one subsystem are related to other 
subsystems. Therefore, information change between subsystems is needed to estimate the mutual 
influence, which was discussed deeply in [9]. 
All the changed information is from PMU and transmitted by high-speed communication network of 
WAMS. A platform based on WAMS of different local electrical companies for data sharing will be of 
great use. As the approach of coherent identification and dynamic equivalent calculation in each 
subsystem is similar, the process of dynamic equivalent calculation of the whole system is parallel on 
time, on the basis of which distributed dynamic behavior analysis of wide area power system can be 
realized.
3. Online Dynamic Equivalent Based on Model and Parameter Identification with WAMS 
Dynamic equivalent mainly aims to use a low-order equivalent model to replace the high-order 
original system, the dynamic response of which should be similar to that of original system. Compared to 
coherent equivalent and mode equivalent, equivalent method based on model and parameter identification 
is not concerned on details of the external system, but needs only measured information of nodes and 
branches in the boundary between different subsystems. Information provided by WAMS is abundant 
enough to satisfy the requirements of identification of equivalent model. Therefore, this method well 
adapts to systems that change a lot in structure and operation mode.  
3.1  Dynamic Equivalent Model 
Theoretically, equivalent can be described by mathematical models that don’t have definite physical 
meaning. However, it is recommended to use the combination of physical elements of power system to 
analysis conveniently with reserved system together. Generators and loads are main dynamic elements of 
power system, so a parallel [10] of equivalent generator and equivalent load is a good choice. When 
considering the high voltage DC (HVDC) transmission systems and flexible AC transmission systems 
(FACTS), some user-defined models can be described in additional equations as needed, supported by 
major power system analysis software, such as PSASP. The diagram of a two-area interconnected system 
and its generator-load combination model are shown in fig.1.  
Figure 1.  Diagram of two-area system and its equivalent model Error! Bookmark not defined.
A 3rd-order practical model would be proper for the equivalent generator, and the equivalent 
synthetical load can be described by static characteristics of voltage and frequency, given in (1) and (2) 
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respectively. Taken the salient pole effect into consideration, the power characteristic of the generator is 
expressed in (3). 
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Variables in (1) ~ (3): ,dX X reactance of d-axis and q-axis; 'dXtransient reactance of d-axis; 'qEtransient
voltage of q-axis; fE excitation voltage; ,U θ  voltage and its phase of the equivalent bus; δ angel 
between 'qEand system reference axis; 'δ δ θ= − ; ω angular speed; M inertia time constant; damping 
coefficient; '
D
0dT open-loop transient time constant of d-axis;  mechanical and electromagnetic power; 0,m iP P
,s sP Q active and reactive power of equivalent load; , , ,u up q p qω ω coefficients of load static voltage and 
frequency characteristics. All the variables are per-unit values.  
The equivalent model proposed in fig.1 can be extended to multi-area power system naturally. Each 
external system can be described by a parallel of equivalent generator and load respectively. The power 
transmission between external systems can be described by additional equations. Eliminating the direct 
connection through electrical dissecting method of AC branch [11] is also a good solution. 
3.2 Identifiability Analysis 
Major identifiability methods for nonlinear systems are higher order derivatives of output, 
linearization, and contour line [12]. When the input and output signals don’t deviate the normal values a 
lot, linearization is a good choice in order to fully utilize existing methods for linear systems. Eq. (4) is a 
general description of linearization. 
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Taken Lap lace’s transform for (4), we can get the transfer function matrix in (6). Elements of the 
transfer function matrix are listed in (7). 
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According to linear system theory [12], coefficients in (7) are all identifiable, and they are functions of 
elements of state matrixes, so they are also identifiable. Unknown parameters of the equivalent model can 
be expressed by coefficients in transfer functions through a series of algebra operations and solving 
equations. Therefore, the equivalent model described by (1) ~ (3) is identifiable. Due to space limited, the 
details of calculus are omitted here. 
3.3 Solution of Equivalent Model 
The target of parameter identification is to find a set of optimum parameters, making objective 
function reach its minimum value. Variance of output errors is objective function in this paper, that is,
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N
M
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                                                    (8). 
The artificial intelligent technique has expanded the horizon of optimization methods dramatically. GA 
is widely used in engineering for optimization problems as its advantage on strong robustness, 
independence on initial values, good globe searching ability, and modularized algorithm [13]. 
The calculation of discrete objective function in (8) is a difficult point. When the time interval is small 
enough, differential equations in (1) can be replaced approximately by difference equations, as in (9). 
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Consequently algebra operations can be taken on state variables to calculate the output vector of every 
sampling point. The initial values of state variables can be derived according to steady state conditions of 
power system. To reduce the accumulated error, the sampling interval must be small enough, set 0.002 
sec in this paper. 
 
4. Case Study 
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To verify the identifiability and the identification algorithm, some simulations are made. Given some 
assumed values to parameters of the equivalent model, the dynamic responses under some voltage 
disturbance can be derived, as shown in fig. 2. The assumed values and identified values of the equivalent 
are listed together in tab. I. Estimated values of main parameters are close to true values, and the dynamic 
responses are almost the same with the original. 
Table 1. Identification Verification 
Parameters Assumed Identified 
dX 0.1388 0.1872 
qX 0.1111 0.1115 
'dX 0.0672 0.0662 
M 16.085 16.7221 
D 3.0000 3.4177 
0'dT 5.7719 9.9877 
0sP 1.0000 1.3202 
0sQ 0.5000 0.6602 
up 1.2000 1.0000 
uq 1.2000 1.0000 
pω 1.5000 1.1498 
qω 1.5000 1.3492 
Figure 2.  Dynamic responses under certain voltage disturbance 
 Another test is made on EPRI 8-machine 36-bus system, the diagram shown in fig. 3. Generator 1 and 
its transformer are seen as the internal system, while bus 24 as boundary and all other as external system. 
Dynamic responses after a one-phase fault at bus 24 for 0.12s are shown in fig. 4. The estimated values of 
the equivalent model are given in tab. II.  
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Error! Bookmark not defined.
Figure 3.  Diagram of test system 
Table 2. Identification Results of Test System 
X  qX 'dX M D 0'dT
1.2702 1.2702 0.5439 9.6936 6.1245 6.9525 
 0sQ up uq pω0sP qω
10.000 26.8131 0.6965 0 1.2554 1.0266 
Error! Bookmark not defined.
Figure 4.  Dynamic responses after fault at  bus 24 in orig. and equ. system 
We can see from fig. 4 dynamic responses of the equivalent approach those of original system, 
especially in pre-steady and post steady state. The error is large during and soon after the fault. That is 
because of large change rate of input data when the fault occurred. Errors caused by different numerical 
computation methods adopted are also dramatic in this period. However, the equivalent can on the whole 
reflect the dynamic characteristics of the original system. Some improvements are to be made for higher 
accuracy.
5. Conclusion 
According to the characteristic and application of WAMS in China, two corrections of coherent 
identification for multi-area interconnected power system based on history data analysis and data change 
between different boundaries. Dynamic equivalent based on model and parameter identification with 
WAMS does not need the network structure and parameters of external systems, which is adaptive to the 
reformation trend of electrical market in China. For a 2-area power system, identifiability of the parallel 
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equivalent model is analyzed, and the availability of this model is verified. This equivalent model is 
flexible and real time that can adapt to power systems with different dynamic characteristics and can be 
utilized in different applications. 
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